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DESCRIPTION 



DEVICE AND METHOD FOR GENERATING A BASE BAND SIGNAL 
AND PROGRAM CAUSING COMPUTER TO EXECUTE THE METHOD 



Technical Field 

The present invention relates to a technique for 
transmitting data at optimum efficiency corresponding 
to a communication quality of a transmission path, and, 
more particularly to a device and a method for 
generating a base band signal representing a sequence 
of mult i -value symbols from given data. 

Background Art 

As a technique for transmitting data at optimum 
efficiency corresponding to a communication quality of 
a transmission path, a method of decreasing a bit rate 
when the communication quality of the transmission 
path is low and increasing a bit rate when the 
communication quality is high is used. 

Specifically, this method is, for example, a 
method of applying, in packet communication, FEC 
(Forward Error Correction) to data of an object to be 
transmitted when a communication quality does not 
satisfy a predetermined standard to thereby 
substantially decrease a bit rate and not applying FEC 
when the communication quality satisfies this standard 
to thereby substantially increase a bit rate. Such a 
technical method is described in, for example, prior 
art document: Association of Radio Industries and 
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Business "Digital Automobile Telephone System Standard 
RCR STD-27 J version". May 30, 2002. 

However, in the conventional technique, when FEC 
is applied to data, an arrangement of bits in a bit 
5 string constituting this data significantly changes. 
Therefore, a device on a side for receiving and 
restoring the data needs to know whether FEC is 
applied to the data. Therefore, it is necessary to 
separately transmit data indicating presence or 
10 absence of use of FEC in accordance with a complicated 
protocol that causes deterioration in transmission 
efficiency. 

The invention has been devised in view of such a 
problem of the conventional technique and it is an 

15 object of the invention to provide a base band signal 
generating device, a base band signal generating 
method, and a program for processing data of a 
transmission object such that a reception side can 
restore the data without recognizing whether 

20 processing is applied to the data and for transmitting 
the data at proper efficiency corresponding to a 
communication quality. 

Disclosure of the Invention 

25 In order to attain the object, a base band 

signal generating device according to a first aspect 
of the invention basically includes: base band signal 
generating means for converting data consisting of bit 
strings, in which at least a part of the bit strings 

30 is distinguished as a protection object portion, into 
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a base band signal representing a sequence of symbols 
of four values; and communication quality judging 
means for judging whether a communication quality of 
an external transmission path for transmitting the 
5 base band signal has reached a predetermined standard. 

The base band signal generating means operates, 
in a state in which it is judged that the 
communication quality of the transmission path has not 
reached the standard, to convert the data into the 

10 base band signal such that at least a part of the 
symbols belonging to the sequence of the symbols 
includes a bit belonging to the protection object 
portion and a predetermined redundant bit, and 
operates, in a state in which it is judged that the 

15 communication quality has reached the standard, to 
convert the data into the base band signal such that 
at least a part of the symbols belonging to the 
sequence of the symbols includes a bit belonging to 
the protection object portion and additional data 

20 converted into the base band signal together with the 
data. 

A value of the redundant bit is set to a value 
that makes an instantaneous value of a point 
representing the symbol including the redundant bit in 
25 the base band signal always converge to a maximum 
value or a minimum value among four values to which 
the instantaneous value can converge. 

A base band signal generating device according 
to a second aspect of the invention basically 
30 includes: base band signal generating means for 



converting data consisting of bit strings, in which at 
least a part of the bit strings is distinguished as a 
protection object portion, into a base band signal 
representing a sequence of symbols of multiple values; 
and communication quality judging means for judging 
whether a communication quality of an external 
transmission path for transmitting the base band 
signal has reached a predetermined standard. 

The base band signal generating means operates, 
in a state in which it is judged that the 
communication quality of the transmission path has not 
reached the standard, to convert the data into the 
base band signal such that at least a part of the 
symbols belonging to the sequence of the symbols 
includes a bit belonging to the protection object 
portion and a predetermined redundant bit, and 
operates, in a state in which it is judged that the 
communication quality of the transmission path has 
reached the standard, to convert the data into the 
base band signal such that at least a part of the 
symbols belonging to the sequence of the symbols 
includes a bit belonging to the protection object 
portion and additional data converted into the base 
band signal together with the data. 

A value of the redundant bit is set to a value 
that makes a minimum value of a difference between 
instantaneous values of two points representing two 
symbols including the redundant bit and having values 
different from each other in the base band signal 
larger than a minimum value of a difference between 



instantaneous values of two points representing two 
symbols not including the redundant bit and different 
from each other. 

A base band signal generating device according 
to a third aspect of the invention includes base band 
signal generating means and communication quality 
judging means as basic components in the same manner 
as the devices according to the first and the second 
aspects . 

At least a part of the symbols belonging to the 
sequence of symbols includes a bit belonging to the 
protection object portion and a predetermined 
redundant bit or additional data converted into the 
base band signal together with the data. The base 
band signal generating means operates to convert the 
data into the base band signal such that a larger 
number of symbols include the additional data as a 
communication quality of the transmission path is 
higher . 

A value of the redundant bit is set to a value 
that makes a minimum value of a difference between 
instantaneous values of two points representing two 
symbols including the redundant bit and having values 
different from each other in the base band signal 
larger than a minimum value of a difference between 
instantaneous values of two points representing two 
symbols not including the redundant bit and different 
from each other. 

In the base band signal generating devices 
according to the first, the second, and the third 
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aspect, preferably, the data is constituted by a bit 
associated with a component that an object represented 
by the data can include and the bit takes a value 
identical with the value of the redundant bit when the 
5 component associated with the bit is not present in 
the object. 

Preferably, the base band signal generating 
means operates to convert the data into the base band 
signal such that the sequence of the symbols 
10 represented by the base band signal includes a portion 
in which symbols including the redundant bit or the 
additional data and symbols not including the 
redundant bit and the additional data are alternately 
arranged . 

15 Preferably, the data includes a part of a bit 

string obtained by encoding voice and the additional 
data includes another part of the bit string and/ or 
the data includes a portion in which significance 
determined on the basis of a predetermined standard is 
20 the highest of the bit string and the additional data 
includes a portion in which the significance is the 
lowest of the bit string. 

Preferably, the communication quality judging 
means includes means for measuring intensity of a 

25 signal transmitted on the transmission path and means 
for judging a communication quality of the 
transmission path on the basis of the intensity of the 
signal measured and/or at least a part of the data 
includes data for error detection of the protection 

30 object portion and the base band signal generating 
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means operates, regardless of a judgment result of the 
communication quality of the transmission path, to 
convert the data into the base band signal such that 
at least a part of symbols belonging to the sequence 
5 of the symbols includes a bit constituting the data 
for error detection and the redundant bit. 

The communication quality judging means may 
further include modulating means for generating a 
modulated wave using the base band signal generated by 

10 the base and signal generating means and sending the 
modulated wave to the transmission path. 

It is also possible to grasp, in another aspect, 
the invention as a method of generating a base band 
signal. In that case, a^ method of generating a base 

15 band signal according to the first aspect of the 
invention includes: a base band signal generating step 
of converting data consisting of bit strings, in which 
at least a part of the bit strings is distinguished as 
a protection object portion, into a base band signal 

20 representing a sequence of symbols of four values; and 
a communication quality judging step of judging 
whether a communication quality of an external 
transmission path for transmitting the base band 
signal has reached a predetermined standard. 

25 In the base band signal generating step, 

processing is performed for, in a state in which it is 
judged that the communication quality of the 
transmission path has not reached the standard, 
converting the data into the base band signal such 

30 that at least a part of the symbols belonging to the 
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sequence of the symbols includes a bit belonging to 
the protection object portion and a predetermined 
redundant bit and, in a state in which it is judged 
that the communication quality of the transmission 
5 path has reached the standard, converting the data 
into the base band signal such that at least a part of 
the symbols belonging to the sequence of the symbols 
includes a bit belonging to the protection object 
portion and additional data converted into the base 

10 band signal together with the data. 

A value of the redundant bit is set to a value 
that makes an instantaneous value of a point 
representing the symbol including the redundant bit 
always converge to a maximum value or a minimum value 

15 among four values to which the instantaneous value can 
converge . 

Similarly, a base band signal generating method 
according to the second aspect of the invention 
includes: a base band signal generating step of 

20 converting data consisting of bit strings, in which at 
least a part of the bit strings is distinguished as a 
protection object portion, into a base band signal 
representing a sequence of symbols of multiple values; 
and a communication quality judging step of judging 

25 whether a communication quality of an external 
transmission path for transmitting the base band 
signal has reached a predetermined standard. 

In the base band signal generating step, 
processing is performed for, in a state in which it is 

30 judged that the communication quality of the 
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transmission path has not reached the standard, 
converting the data into the base band signal such 
that at least a part of the symbols belonging to the 
sequence of the symbols includes a bit belonging to 
5 the protection object portion and a predetermined 
redundant bit and, in a state in which it is judged 
that the communication quality of the transmission 
path has reached the standard, converting the data 
into the base band signal such that at least a part of 
10 the symbols belonging to the sequence of the symbols 
includes a bit belonging to the protection object 
portion and additional data converted into the base 
band signal together with the data. 

A value of the redundant bit is set to a value 
15 that makes a minimum value of a difference between 
instantaneous values of two points representing two 
symbols including the redundant bit and having values 
different from each other in the base band signal 
larger than a minimum value of a difference between 
20 instantaneous values of two points representing two 
symbols not including the redundant bit and different 
from each other. 

A base band signal generating method according 
to the third aspect of the invention includes a base 
25 band signal generating step and a communication 
quality judging step in the same manner as the methods 
according to the first and the second aspects. At 
least a part of the symbols belonging to the sequence 
of symbols includes a bit belonging to the protection 
30 object portion and a predetermined redundant bit or 
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additional data converted into the base band signal 
together with the data. In the base band signal 
generating step, processing is performed for 
converting the data into the base band signal such 
that a larger number of symbols include the additional 
data as a communication quality of the transmission 
path is higher. 

A value of the redundant bit is set to a value 
that makes a minimum value of a difference between 
instantaneous values of two points representing two 
symbols including the redundant bit and having values 
different from each other in the base band signal 
larger than a minimum value of a difference between 
instantaneous values of two points representing two 
symbols not including the redundant bit and different 
from each other. 

In still another aspect, it is also possible to 
grasp the invention as a program for causing a 
computer to execute the base band signal generating 
method. In that case, for example, a program 
corresponding to the base band signal generating 
method according to the first aspect of the invention 
is a program for causing a computer to execute: a base 
band signal generating step of converting data 
consisting of bit strings, in which at least a part of 
the bit strings is distinguished as a protection 
object portion, into a base band signal representing a 
sequence of symbols of four values; and a 
communication quality judging step of judging whether 
a communication quality of an external transmission 
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path for transmitting the base band signal has reached 
a predetermined standard. 

In the base band signal generating step executed 
by the computer, processing is performed for, in a 
5 state in which it is judged that the communication 
quality of the transmission path has not reached the 
standard, converting the data into the base band 
signal such that at least a part of the symbols 
belonging to the sequence of the symbols includes a 
10 bit belonging to the protection object portion and a 
predetermined redundant bit and, in a state in which 
it is judged that the communication quality of the 
transmission path has reached the standard, converting 
the data into the base band signal such that at least 
15 a part of the symbols belonging to the sequence of the 
symbols includes a bit belonging to the protection 
object portion and additional data converted into the 
base band signal together with the data. A value of 
the redundant bit is set to a value that makes an 
20 instantaneous value of a point representing the symbol 
including the redundant bit in the base band signal 
always converge to a maximum value or a minimum value 
among four values to which the instantaneous value can 
converge . 

25 Since the invention adopts the constitution 

described above, according to the invention, a 
reception side is capable of processing data of a 
transmission object such that the data can be restored 
without recognizing whether processing is applied to 

30 the data and capable of transmitting the data at 
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proper efficiency corresponding to a communication 
quality. 

Brief Description of the Drawings 
5 Figure 1 is a block diagram showing a structure 

of a voice transmitting and receiving system according 
to an embodiment of the inventions- 
Figure 2 is a block diagram showing a structure 
of a transmission device; 
10 Figure 3 is a diagram showing a data structure 

of vocoder output data; 

Figure 4 is a flowchart showing a flow of 
processing for generating vocoder output data; 

Figure 5 is a diagram schematically showing 
15 processing for interleaving vocoder output data; 

Figure 6 is a graph showing an example of an eye 
pattern of a base band signals- 
Figure 7 is a block diagram showing a structure 
of a reception device; 
20 Figure 8 is a diagram schematically showing 

processing for restoring vocoder output data from a 
base band signal; and 

Figure 9 is a graph showing a relation between a 
communication quality and a tone quality in the case 
25 in which the reception device in Figure 7 receives a 
modulated wave transmitted by the transmission device 
in Figure 2 and reproduces voice. 



30 



Best Mode for Carrying Out of the Invention 

An embodiment of the invention will 
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hereinafter explained in detail with a voice 
transmitting and receiving system as an example and 
with reference to the drawings. 

A structure of the voice transmitting and 
5 receiving system according to the embodiment of the 
invention is shown in Figure 1. As shown in the 
figure, this voice transmitting and receiving system 
is constituted by transceivers TR1 and TR2 . The 
transceivers TR1 and TR2 perform transmission and 
10 reception of voice with each other via an external 
transmission path L such as an external packet network. 

The transceivers TR1 and TR2 have a 
substantially identical structure and include 
transmission devices T and reception devices R, 
15 respectively. 

The transmission device T of the transceiver TR1 
generates an FSK (Frequency Shift Keying) modulated 
wave representing voice and transmits the FSK 
modulated wave to the reception device R of the 
20 transceiver TR2 . The reception device R of the 
transceiver TR2 receives this FSK modulated wave and 
reproduces the voice. Similarly, the transmission 
device T of the transceiver TR2 generates an FSK 
modulated wave representing voice and transmits the 
25 FSK modulated wave to the reception device R of the 
transceiver TR1 . The reception device R of the 
transceiver TR1 receives this FSK modulated wave and 
reproduces the voice. 

The transmission devices T of the transceivers 
30 TR1 and TR2 have a substantially identical structure. 
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The reception devices R of the transceivers TR1 and 
TR2 also have a substantially identical structure. 

However, each of the transceivers TR1 and TR2 
has a structure for preventing an FSK modulated wave 
5 transmitted by the transmission device T of the 
transceiver itself from being received by the 
reception device R of the transceiver itself. 
Specifically, for example, it is conceivable to set a 
transmission frequency of the transmission device T 

10 and a reception frequency of the reception device R of 
the transceiver TR1 (or TR2 ) to be different from each 
other. Alternatively, the transceivers TR1 and TR2 
affix identification codes of a transmission source 
and/or a destination to an FSK modulated wave 

15 transmitted by the transmission device T of each of 
the transceivers. On the other hand, the reception 
device R of each of the transceivers may treat , as an 
object for which voice is reproduced, only an FSK 
modulated wave with an identification code of the 

20 transceiver as a destination or an FSK modulated wave 
without an identification code of the transceiver as a 
transmission source. Alternatively, each of the 
transceivers TR1 and TR2 may have a publicly known 
mechanism for performing a function of PTT (Press To 

25 Talk) for stopping an operation of the reception 
device R of the transceiver receiving an FSK modulated 
wave while the transmission device T of the 
transceiver is transmitting an FSK modulated wave. 
(However, in this case, the transceivers TR1 and TR2 

30 perform half -duplex communication with each other. ) 
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Each of the transmission devices T of the 
transceivers TR1 and TR2 is constituted by, as shown 
in Figure 2, a voice inputting unit Tl, a 
communication quality judging unit T2, a vocoder unit 
T3, an interleave processing unit T4 , a base band 
signal generating unit T5 , a modulating unit T6, and a 
high frequency outputting unit T7 . 

The voice inputting unit Tl is constituted by, 
for example, a microphone, an AF (Voice Frequency) 
amplifier, a sampler. an A/D ( Analog- to-Digital ) 
converter, and a logic circuit for frame generation. 

For example, the voice inputting unit Tl 
collects voice and generates a voice signal of an 
analog format representing the voice, amplifies this 
15 voice signal, and subjects the voice signal to 
sampling and A/D conversion to thereby generate voice 
data of a digital format- The voice inputting unit Tl 
decomposes this voice data of the digital format into 
a sequence of plural frames and supplies the voice 
20 data to the vocoder unit T3 . 

The respective frames generated by the voice 
inputting unit Tl consist of voice data representing a 
waveform for one voice piece obtained by sectioning 
the voice collected by the voice inputting unit Tl at 
25 a fixed period (e.g., every 20 milliseconds). 

The communication quality judging unit T2 judges 
a quality (a communication quality) of the 
transmission path L, generates communication quality 
data indicating a result of the judgment, and supplies 
30 the communication quality data to the vocoder unit T3 . 
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Specifically, for example, the communication 
quality judging unit T2 measures, if the communication 
quality judging unit T2 belongs to the transceiver TR1, 
intensity of an FSK modulated wave sent by the 
5 transmission device T of the transceiver TR2 , 
generates data indicating whether a result of the 
measurement exceeds a predetermined threshold as 
communication quality data, and supplies the data. In 
this case, the communication quality judging unit T2 
10 only has to be constituted by, for example, a tuning 
circuit, a high frequency amplifier circuit, and a 
comparator. A tuning circuit and a high frequency 
amplifier constituting the reception device R may 
perform at least a part of the functions of the 
15 communication quality judging unit T2 . 

The communication quality judging unit T2 judges, 
in generating data indicating a result of the 
measurement of intensity of an FSK modulated wave as 
communication quality data, more specifically, for 
20 example, whether a measurement value of the intensity 
of the FSK modulated wave is (1) smaller than a 
predetermined threshold Thl, (2) equal to or larger 
than the threshold Thl and smaller than a 
predetermined threshold Th2 larger than the threshold 
25 Thl, or (3) equal to or larger than the threshold Th2 
and generates data indicating which of (1) to (3) the 
result of the judgment coincides with as communication 
quality data. 

All of the vocoder unit T3 , the interleave 
30 processing unit T4 , and the base band signal 
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generating unit T5 are constituted by a processor such 
as a DSP (Digital Signal Processor) or a CPU (Central 
Processing Unit ) , a memory that stores a program to be 
executed by this processor, and the like. A single 
5 processor may perform a part or all of the functions 
of the vocoder unit T3, the interleave processing unit 
T4, and the base band signal generating unit T5. The 
processor that performs a part or all of the functions 
of the vocoder unit T3, the interleave processing unit 

10 T4, and the base band signal generating unit T5 may 
further perform the function of the logic circuit for 
frame generation of the voice inputting unit Tl. 

When frames are supplied from the voice 
inputting unit Tl, the vocoder unit T3 generates, for 

15 each of the frames supplied, vocoder output data 
described later using the frame and supplies the 
vocoder output data to the interleave processing unit 
T4 in a form with which it is possible to specify an 
order of the respective frames in a sequence of the 

20 frames. (Specifically, for example, the respective 
frames only have to be supplied one after another in 
accordance with this order or data indicating the 
order of the frames only has to be supplied together 
with the frames.) 

25 The respective vocoder output data include, for 

example, as indicated by a data structure shown in 
Figure 3, most significant voice data of 18 bits, 
unprotected voice data of 26 bits, least significant 
data of 23 bits, and data for error detection of 5 

30 bits. 
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The most significant voice data of the vocoder 
output data is constituted by a portion of 18 bits 
with highest significance in the sense of hearing 
specified in accordance with a predetermined standard 
of data of 62 bits (hereinafter referred to as encoded 
voice data) obtained by encoding a voice piece 
represented by the frame used for generation of the 
vocoder output data. The unprotected voice data of 
the vocoder output data is constituted by a portion of 
26 bits with second highest significance in the sense 
of hearing after the portion constituting the most 
significant voice data of the encoded voice data. 

The encoded voice data is constituted by bits 
associated with components that voice can include 
(e.g., a voice pressure and a pitch). Each of these 
bits indicates, when the bit takes a value "0", a 
component associated with the bit is not substantially 
present in the voice piece represented by the encoded 
voice data including the bit. 

A method with which the vocoder unit T3 encodes 
the voice piece needs to be a method capable of 
specifying, in accordance with a predetermined 
standard, significance in the sense of hearing of each 
bit constituting data obtained as a result of encoding 
and allotting the significance to any one of the most 
significant voice data, the unprotected voice data, 
and the other data. However, as long as such 
allotment is possible, a method with which the vocoder 
unit T3 encodes the voice piece is arbitrary. 
Specifically, the vocoder unit T3 only has to perform 
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this encoding using a method such as liner predictive 
coding. In this case, the vocoder unit T3 only has to 
specify significance in the sense of hearing according 
to, for example, a publicly known standard described 
in the second separate volume p982 to 984 of a non- 
patent document 1 . 

On the other hand, the least significant data of 
the vocoder output data is constituted by shared data 
of 18 bits and data for protection of data for error 
detection of 5 bits. Of the data, all values of 
respective bits constituting the data for protection 
of data for error detection are "0". 

On the other hand, a value of the shared data 
changes according to a communication quality of the 
transmission path L indicated by communication quality 
data supplied by the communication quality judging 
unit T2. Specifically, for example, when the 

communication quality has not reached a predetermined 
standard, the shared data is constituted by data of 18 
bits in which all values are "0". On the other hand, 
when the communication quality has reached the 
standard, the shared data is constituted by, for 
example, a portion of 18 bits with lowest significance 
in the sense of hearing excluding the most significant 
voice data and the unprotected voice data included in 
the vocoder output data of the encoded voice data used 
for generation of the vocoder output data. 

On the other hand, the data for error detection 
of the vocoder output data is constituted by a CRC 
(Cycle Redundancy Check) data for performing error 
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detection for the most significant voice data obtained 
using the most significant voice data included in the 
vocoder output data. 

In order to set content of the vocoder output 
5 data, in particular, the least significant data as 
described above, specifically, the vocoder unit T3 
creates vocoder output data according to, for example, 
a procedure shown in Figure 4 and sequentially 
supplies the vocoder output data to the interleave 

10 processing unit T4 . 

First, the vocoder unit T3 acquires 
communication quality data supplied by the 
communication quality judging unit T2 (step SI in 
Figure 4) and judges whether a measurement value of 

15 intensity of an FSK modulated wave indicated by this 
communication quality data is equal to or larger than 
the threshold Thl (i.e., corresponds to the condition 
of (2) or (3) above) (step S2). When it is judged 
that the measurement value of intensity of the FSK 

20 modulated wave is equal to or larger than the 
threshold Thl, the vocoder unit T3 shifts the 
processing to step S6. 

On the other hand, when it is judged in step S2 
that the measurement value of intensity of the FSK 

25 modulated wave is smaller than the threshold Thl, the 
vocoder unit T3 generates vocoder output data, in 
which all values of respective bits constituting least 
significant data are "0", using a leading frame of 
frames not used for creation of vocoder output data 

30 and supplies the vocoder output data to the interleave 
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processing unit T4 (step S3). 

Following the processing in step S3, the vocoder 
unit T3 acquires communication quality data from the 
communication quality judging unit T2 (step S4) and 
5 judges whether a measurement value of intensity of an 
FSK modulated wave indicated by this communication 
quality data is equal to or larger than the threshold 
Th2 (in other words, whether the measurement value 
corresponds to the condition of (3) above) (step S5). 
10 When it is judged in step S5 that the measurement 
value of intensity of the FSK modulated wave is 
smaller than the threshold Th2 , the vocoder unit T3 
returns the processing to step S3. On the other hand, 
when it is judged that the measurement value is equal 
15 to or larger than the threshold Th2, the vocoder unit 
T3 advances the processing to step S6 . 

In step S6, the vocoder unit T3 generates 
vocoder output data using a leading frame of frames 
not used for creation of vocoder output data, supplies 
20 the vocoder output data to the interleave processing 
unit T4 (step S6 ) , and returns the processing to step 
SI. However, in step S6, a portion excluding the 
portion constituting the most significant voice data 
and the unprotected voice data of encoded voice data 
25 generated using the frame is treated as least 
significant data. 

T{ie interleave processing unit T4 applies 
interleave to the vocoder output data supplied from 
the vocoder unit T3 . The interleave processing unit 
30 T4 supplies the vocoder output data interleaved 
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(hereinafter referred to as interleaved frame) to the 
base band signal generating unit T5. 

Specifically, when the vocoder output data is 
supplied from the vocoder unit T3, first, the 
interleave processing unit T4 generates data of 2 bits 
corresponding to symbols in FSK of four values on the 
basis of this vocoder output data. Specifically, for 
example, as shown in Figure 5, the interleave 
processing unit T4 performs processing indicated as 
(Al) to (A3) below. 

(Al) The interleave processing unit T4 generates 
eighteen data of 2 bits by combining respective bits 
constituting most significant voice data included in 
this vocoder output data and respective bits 
constituting shared data in a one to one relation. 
However, as shown in Figure 5(b), all of these 
eighteen bits are combined such that the bits 
constituting the shared data are lower order bits. 

(A2) The interleave processing unit T4 generates 
five data of 2 bits by combining respective bits 
constituting data for error detection included in this 
vocoder output data and respective bits constituting 
data for protection of data for error detection in a 
one to one relation. However, as shown in Figure 5(b), 
all of these five data are combined such that the bits 
constituting the data for protection of data for error 
detection are lower order bits. 

(A3) The interleave processing unit T4 
decomposes unprotected voice data included in this 
vocoder output data into thirteen data of 2 bits as 
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shown in Figure 5(a). 

The interleave processing unit T4 supplies the 
thirty-six 2-bit data in total obtained as a result of 
the processing in (Al) to (A3) to the base band signal 
5 generating unit T5 in a predetermined order including 
a portion in which the 2 -bit data obtained in the 
processing of (Al) or (A2) and the 2 -bit data obtained 
in the processing of (A3) are alternately arranged, 
for example, as shown in Figure 5(C). 
10 A low order one digit of all the 2 -bit data, 

which the interleave processing unit T4 generates by 
performing the processing described above, is "0" when 
the 2 -bit data are obtained from data for error 
detection and data for protection of data for error 
15 detection. When values of all bits of shared data are 
"0", a low order one digit of all the 2-bit data 
obtained from most significant voice data and shared 
data are "0" . 

On the other hand, a low order one digit of two- 
20 bit data obtained from unprotected voice data could be 
either "0" or "1". 

When the interleaved frame is supplied from the 
interleave processing unit T4, the base band signal 
generating unit T5 converts this interleaved frame 
25 into a base band signal in a root Nyquist FSK of four 
values and supplies this base band signal to the 
modulating unit T6 . The base band signal generating 
unit T5 may insert, for example, a signal serving as a 
marker for identifying a start point and an end point 
30 of a portion representing one interleaved frame in the 
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base band signal. 

Figure 6 is a diagram showing an example of an 
eye pattern of a base band signal generated by the 
base band signal generating unit T5 . As shown in the 
figure, in this base band signal, an instantaneous 
value converges to any one of four values at a point 
of a fixed phase (a Nyquist point) in one symbol 
section (a section representing information for one 
symbol). When a second largest value is set as (+1), 
these four values (hereinafter referred to as symbol 
values) are arranged at equal intervals taking, for 
example, values of (+3), (+1). (-D, and (-3) in order 
from a largest one as shown in Figure 6 . 

For example, as shown in Figure 6, the base band 
15 signal generating unit T5 converts a symbol "00" 
included in the interleaved frame (i.e., 2 -bit data 
having a value "00") into a symbol section with a 
symbol value (-3), converts a symbol "01" into a 
symbol section with a symbol value (-1), converts a 
symbol "11" into a symbol section with a symbol value 
(+1), and converts a symbol "10" into a symbol section 
with a symbol value (+3). 

Conversion from the interleaved frame into a 
base band signal is performed in accordance with the 
rules described above. As a result, a symbol with a 
low order one digit of "0" is converted into a symbol 
section with a symbol value (-3) or (+3). Therefore, 
all symbols representing most significant voice data 
in an adverse state in which a communication quality 
does not satisfy the predetermined standard are 
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converted into a symbol section with a symbol value 
(+3) or (-3). On the other hand, symbols representing 
unprotected voice data and most significant voice data 
in a state in which a communication quality is 
5 satisfactory can be converted into a symbol section 
that takes a symbol value of (+3), (+1), (-1), or (-3). 

As it is evident from the above description, 
when conversion from the interleaved frame into a base 
band signal is performed in accordance with the rules 
10 described above, if these four kinds of symbols are 
arranged in order from one with a largest symbol value 
(or one with a smallest symbol value), the symbols 
form a sequence of gray codes ( in other words , all 
hamming distances among symbols adjacent to one 
15 another in this arrangement are 1). 

The modulating unit T6 is constituted by a 
publicly known frequency modulation circuit, an 
oscillator circuit that generates a carrier wave, and 
the like. The modulating unit T6 subjects a carrier 
20 wave to frequency modulation using a base band signal 
supplied from the base band signal generating unit T5 
and supplies an FSK (a root Nyquist FSK) obtained to 
the high frequency outputting unit T7 . 

The modulating unit T6 may also be constituted 
25 by a processor, a memory that stores a program to be 
executed by this processor, and the like. A processor 
that performs a part or all of the functions of the 
voice inputting unit Tl, the vocoder unit T3 . the 
interleave processing unit T4 , and the base band 
30 signal generating unit T5 may further perform the 



- 26 - 



function of the modulating unit T6 . 

The high frequency outputting unit T7 is 
constituted, by a high frequency amplifier circuit, an 
antenna, and the like. The high frequency outputting 
unit T7 amplifies a modulated wave supplied from the 
modulating unit T6 and sends the modulated wave to the 
transmission path L. 

By performing the operations explained above, 
the transmission device T generates an FSK modulated 
wave having a root Nyquist characteristic, which 
represents voice collected by the transmission device 
T, and transmits the FSK modulated wave. 

Symbols represented by a base band signal of 
this FSK modulated wave can be classified into symbols 
of a first kind representing a most significant 
portion of encoded voice data, symbols of a second 
kind representing data for error detection for the 
most significant portion of the encoded voice data, 
and symbols of a third kind representing portions 
other than the most significant portion of the encoded 
voice data. A symbol value of a symbol section 
representing the symbols of the second kind is a 
maximum value or a minimum value of four symbol values 
that can be taken by a symbol section of the base band 
signal. When a communication quality of the 

transmission path L does not satisfy the predetermined 
standard, a symbol value of a symbol section 
representing the symbols of the first kind is also a 
maximum value or a minimum value of four values that 
can be taken. Therefore, concerning only the symbols 
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of the second kind (or the symbols of the first and 
the second kinds in the case in which a communication 
quality of the transmission path L does not satisfies 
the predetermined standard) , a redundant bit is added 
to a bit forming the most significant portion of the 
encoded voice data or the data for error detection for 
the most significant portion. As a result, whereas 
there are two symbol values that can be taken, an 
interval of the symbol values is substantially 
enlarged. As a result, a signal to noise ratio is 
improved . 

The transmission device T in the embodiment 
described above generates a base band signal such that 
the base band signal includes a portion in which 
symbol sections representing the symbols of the first 
kind and symbol sections representing the symbols of 
the third kind are alternately arranged. As a result, 
the symbols of the first kind with high significance 
are distributed in the base band signal. Therefore, 
even if a modulated wave transmitted is affected by 
phasing or the like, it is less likely that a large 
number of symbols of the first kind with high 
significance are collectively deleted. 

When a communication quality of the transmission 
path L satisfies the predetermined standard, the 
symbols of the first kind are set to represent, in 
addition to a most significant portion of encoded 
voice data, content of a portion with lowest 
significance of this encoded voice data. Therefore, 
when a communication quality of the transmission path 
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L is satisfactory, a bit rate of transmission of voice 
substantially increases and transmission is performed 
in a proper form corresponding to the communication 
quality. 

When a communication quality of the transmission 
path L does not satisfy the predetermined standard, a 
value of a bit added to a most significant portion of 
encoded voice data in order to generate the symbols of 
the first kind ("0" in the example described above) is 
identical with a value in the case in which a bit 
constituting the encoded voice data indicates that a 
specific component is absent in a voice piece. 

Therefore, a device that receives an FSK 
modulated wave transmitted by the transmission device 
T (e.g., the reception device R in this embodiment) 
may unconditionally regard the bit added to the most 
significant portion of the encoded voice data in order 
to generate the symbols of the first kind as 
representing content of a portion with lowest 
significance of the encoded voice data and use the bit 
for voice reproduction. Accordingly, it is 

unnecessary to judge what kind of information this bit 
represents . 

Explaining the reception device R, each of the 
reception devices R of the transceivers TR1 and TR2 is 
constituted by, as shown in Figure 7, a high frequency 
inputting unit Rl , a demodulating unit R2, a symbol 
judging unit R3 , a deinterleave processing unit R4 , an 
voice data restoring unit R5 , and a voice outputting 
unit R6 . 
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The high frequency inputting unit Rl is 
constituted by an antenna, a tuning circuit, and a 
high frequency amplifier circuit. The high frequency 
inputting unit Rl receives an FSK modulated wave, 
5 which is sent by the transmission device T or the like 
to the transmission path L, from the transmission path 
L, amplifies the FSK modulated wave, and supplies the 
FSK modulated wave to the demodulating unit R2 . One 
antenna provided in the transceiver TR1 or TR2 may 

10 perf orm both a function of the antenna of the high 
frequency inputting unit Rl of the transceiver and a 
function of the antenna of the high frequency 
output ting unit T7 of the transceiver. 

The demodulating unit R2 is constituted by a 

15 publicly known detection circuit that detects a 
frequency modulated wave. The demodulating unit R2 
detects an FSK modulated wave supplied from the high 
frequency inputting unit Rl to thereby restore a base 
band signal. The demodulating unit R2 supplies the 

20 base band signal restored to the symbol judging unit 
R3. The demodulating unit R2 may be constituted by a 
processor, a memory that stores a program to be 
executed by this processor, and the like. 

All of the symbol judging unit R3 , the 

25 deinterleave processing unit R4 , and the voice data 
restoring unit R5 are constituted by a processor, a 
memory that stores a program to be executed by this 
processor, and the like. A single processor may 
perform a part or all of the functions of the symbol 

30 judging unit R3 , the deinterleave processing unit R4 , 



- 30 - 



and the voice data restoring unit R5 . A processor 
that performs a part or all of the functions of the 
demodulating unit Rl and the transmission device T may 
further perform a part or all of the functions of the 
5 symbol judging unit R3, the deinterleave processing 
unit R4, and the voice data restoring unit R5 . 

As schematically shown in Figures 8(a) and 8(b), 
the symbol judging unit R3 judges, on the basis of 
instantaneous values at respective Nyquist points of a 

10 base band signal supplied from the demodulating unit 
R2, symbols represented by symbol sections including 
the respective Nyquist points. The symbol judging 
unit R3 reproduces, on the basis of a result of the 
judgment, data (Figure 8(b)) corresponding to an 

15 interleaved frame generated by the interleave 
processing unit T4 of the transmission device T. The 
symbol judging unit R3 supplies the data reproduced to 
the deinterleave processing unit R4 . 

Specifically, for example, first, the symbol 

20 judging unit R3 judges, for each of the Nyquist points 
included in the base band signal supplied from the 
demodulating unit R2, whether an instantaneous value 
of the base band signal at the Nyquist point is equal 
to or larger than a first threshold (Th+) , equal to or 

25 larger than a second threshold (ThO) and smaller than 
(Th+), equal to or larger than a third threshold (Th-) 
and smaller than (ThO), or smaller than^OTh-). 

Note that a value of (Th+) is larger than (+1) 
and smaller than (+3), a value of (ThO) is larger than 

30 (-1) and smaller than (+1), and a value of (Th-) is 
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larger than (-3) and smaller than (-1). Therefore, 
specifically, a value of (Th+) only has to be. for 
example, (+2), a value of (ThO) only has to be, for 
example, (0), and a value of (Th-) only has to be, for 
5 example , ( -2 ) . 

When it is judged that an instantaneous value of 
the base band signal at the Nyquist point is equal to 
or larger than (Th+), the symbol judging unit R3 
judges that a symbol value of the symbol section 
10 including the Nyquist point is (+3) (Figure 8(a)) and. 
therefore, the symbol section represents a symbol "10". 

Similarly, when it is judged that the 
instantaneous value is equal to or larger than (ThO) 
and smaller than (Th+), the symbol judging unit R3 
15 judges that a symbol value of the symbol section 
including the Nyquist point is (+1) and, therefore, 
the symbol section represents a symbol "11". When it 
is judged that the instantaneous value is equal to or 
larger than (Th-) and smaller than (ThO), the symbol 
20 judging unit R3 judges that a symbol value of the 
symbol section including the Nyquist point is (-1) and, 
therefore, the symbol section represents a symbol "01". 
When it is judged that the instantaneous value is 
smaller than (Th-), the symbol judging unit R3 judges 
25 that a symbol value of the symbol section including 
the Nyquist point is (-3) and, therefore, the symbol 
section represents a symbol "00". 

When all the symbols of one interleaved frame 
are judged, the symbol judging unit R3 supplies a 
30 sequence of these symbols to the deinterleave 
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processing unit R4 as data corresponding to one 
interleaved frame reproduced. 

The deinterleave processing unit R4 restores, 
considering that the data supplied from the symbol 
judging unit R3 is interleaved frame, vocoder output 
data using the interleaved frame. The deinterleave 
processing unit R4 supplies the vocoder output data 
restored to the voice data restoring unit R5 . 

Specifically, when the data corresponding to the 
interleaved frame is supplied from the symbol judging 
unit R3, the deinterleave processing unit R4 performs 
processing of (Bl) to (B5) described below as shown in 
Figures 8(b) to 8(e). 

(Bl) The deinterleave processing unit R4 
specifies thirteen symbols including unprotected voice 
data of the respective symbols included in the 
interleaved frame supplied from the symbol judging 
unit R3 as unprotected voice data of 26 bits as a 
whole. For example, the deinterleave processing unit 
R4 only has to specify, on the basis of an order of 
each of the symbols in the interleaved frame, a type 
of data included in the symbol. 

(B2) The deinterleave processing unit R4 
separates eighteen symbols including most significant 
voice data of the respective symbols included in the 
interleaved frame into high order one bits and low 
order one bits, respectively. The deinterleave 
processing unit R4 specifies data of 18 bits 
consisting of eighteen data of the high order one bits 
as most significant voice data. 
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(B3) The deinter leave processing unit R4 
specifies data of 18 bits consisting of eighteen data 
of the low order one bits separated by the processing 
in (B2) as shared data of least significant data (note 
5 that the shared data is data consisting of a portion 
excluding the unprotected voice data specified by the 
processing of (a) and the most significant voice data 
specified by the processing of (B2) of one encoded 
voice data) . 

10 (B4) The deinterleave processing unit R4 

abandons low order one bits of five symbols including 
data for error detection of the respective symbols 
included in the interleaved frame and specifies data 
of 5 bits consisting of five data of the remaining 
15 high order one bits as data for error detection. 

(B5) The deinterleave processing unit R4 
associates the most significant voice data, the 
unprotected voice data, the least significant data, 
and the data for error detection specified by the 
20 processing of (Bl) to (B4) with one another and 
supplies the data to the voice data restoring unit R5 
as data corresponding to vocoder output data. 

The voice data restoring unit R5 acquires the 
data corresponding to vocoder output data supplied 
25 from the deinterleave processing unit R4, detects a 
wrong bit in the most significant voice data included 
in this data using the data for error detection 
included in the data, and applies predetermined bad 
frame masking processing to the bit detected. 
30 Specifically, the bad frame masking processing 
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only has to be, for example, processing for changing a 
wrong bit to the same value as a value of a bit 
immediately before the bit or in a position satisfying 
a predetermined condition. Alternatively, the bad 
frame masking processing may be processing for 
changing a value of a wrong bit to a value 
interpolating bits before and behind the bit in 
accordance with a predetermined rule (e.g., Lagrange's 
interpolation). Alternatively, the bad frame masking 
processing may be processing for changing a value of a 
wrong bit to a value indicating that a component 
associated with the bit is absent or abandoned (e.g. 
"0" in an example of vocoder output data generated by 
the transmission device T) and other predetermined 
values . 

The voice data restoring unit R5 converts 
encoded voice data constituted by the most significant 
voice data, the unprotected voice data, and the least 
significant data included in the vocoder output data, 
for which error detection of the most significant 
voice data (and, when an error is detected, the bad 
frame masking processing) is completed, into voice 
data of a digital format representing a waveform of 
voice indicated by the encoded voice data with a 
publicly known method and supplies the voice data to 
the voice outputting unit R6 . 

As the method of converting encoded voice data 
into a voice signal, a method of, for example, storing 
a lookup table describing a correspondence relation 
between a code constituting the encoded voice data and 
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the voice data and a database of the voice data in 
advance, specifying voice data corresponding to the 
code in the encoded voice data with reference to this 
lookup table, and reading out the voice data specified 
from the database to combine the voice data each other 
is conceivable . 

As described above, a bit constituting one bit 
together with a bit in most significant voice data is 
a bit forming a portion with lowest significance of 
encoded voice data or a bit having a value indicating 
that a specific component in a voice piece is absent . 
Therefore, the reception device R may unconditionally 
regard the data specified by the processing of (B3) as 
representing content of the portion with lowest 
significance of the encoded voice data. In other 
words, it is unnecessary to distinguish what kind of 
data this data is . 

The voice outputting unit R6 is constituted by, 
for example, a D/A ( Digital- to-Analog) converter, an 
AF amplifier, and a speaker. 

When voice data of a digital format is supplied 
from the voice data restoring unit R5, the voice 
outputting unit R6 generates a voice signal of an 
analog format by, for example, subjecting this voice 
data to D/A conversion. The voice outputting unit R6 
amplifies this voice signal and drives the speaker 
with the voice signal amplified to thereby reproduce 
voice represented by this voice signal. 

By performing the operations explained above, 
the reception device R receives an FSK modulated wave 
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transmitted by the transmission device T or the like 
and reproduces voice represented by this FSK modulated 
wave . 

In the FSK modulated wave transmitted by the 
transmission device T. as described above, there are 
two symbol values that a symbol representing data for 
error detection of a most significant portion of 
encoded voice data (when a communication quality of 
the transmission path L does not satisfy the 
predetermined standard, a symbol representing the most 
significant portion) can take. On the other hand, an 
interval of symbol values is substantially enlarged. 
Therefore, the reception device R can satisfactorily 
restore these symbols. When a communication quality 
of the transmission path L satisfies the predetermined 
standard, this FSK modulation further represents 
content of a portion with lowest significance of this 
encoded voice data. The reception device R can also 
use this portion for reproduction of voice. 

Therefore, when the reception device R receives 
an FSK modulated wave transmitted by the transmission 
device T or the like and reproduces voice, for example, 
a characteristic of voice indicated as a graph P in 
Figure 9 is obtained. A graph PI in Figure 9 is a 
graph showing a relation between a communication 
quality and a tone quality in the case in which a most 
significant portion of encoded voice data and data for 
error detection for the encoded voice data are 
uniformly converted into symbols with a symbol value 
of (+3) or (-3) according to the procedure described 
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above for adding a redundant bit regardless of a 
communication quality. A graph P2 is a graph showing 
a relation between a communication quality and a tone 
quality in the case in which a bit forming a most 
5 significant portion of encoded voice data and a bit 
forming a portion with lowest significance are 
uniformly represented as one symbol according to the 
procedure described above regardless of a 
communication quality. 

10 (Figure 9 illustrates a case in which intensity 

of an FSK modulated wave measured by the communication 
quality judging unit T2 is used as a scale of a 
communication quality and the thresholds Thl and Th2 
described above are in a relation of Thl=Th2=x. ) 

15 As it is seen from Figure 9, when a 

communication quality of the transmission path L is 
lower than x, the reception device R reproduces voice 
with a characteristic of the graph PI more excellent 
than a characteristic of the graph P2 in this case. 

20 On the other hand, when a communication quality of the 
transmission path L is higher than x, the reception 
device R reproduces voice with the characteristic of 
the graph P2 more excellent than the characteristic of 
the graph PI in this case. In this way, this voice 

25 transmitting and receiving system performs 
transmission of voice with the method with which an 
optimum tone quality is obtained according to a 
communication quality . 

A structure of this voice transmitting and 

30 receiving system is not limited to the structure 
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described above. 

For example, the portions constituted by the 
processors of the respective portions of the 
transmission device T and the reception device R may 
be constituted by dedicated electronic circuits 
instead of the processors. The number of bits of the 
various data described above representing voice and 
the data for error detection is arbitrary. 

When a communication quality of the transmission 
path L satisfies the predetermined standard, like 
shared data, data for protection of data for error 
correction may be constituted by a bit forming a 
portion with lowest significance of encoded voice data. 

Rules under which the vocoder unit T3 encodes 
voice are also arbitrary. The vocoder unit T3 may 
further apply processing such as FEC (Forward Error 
Correction) to encoded voice. The data for error 
correction does not always have to be formed of a CRC 
code and may be created by check sum, a parity code, 
or other arbitrary methods. Alternatively, an error 
correction code may be used instead of the data for 
error detection. 

The vocoder unit T3 described above changes the 
number of bits of a component of voice encoded data 
included in the shared data in two stages in such a 
manner as to set, if a communication quality of the 
transmission path L indicated by communication quality 
data has reached the predetermined standard, the 
number of bits to be the same as the number of bits of 
most significant voice data and set, if a 
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communication quality of the transmission path L has 
not reached the predetermined standard, the number of 
bits to 0. 

However, the vocoder unit T3 may change the 
number of bits of a component of voice encoded data 
included in the shared data in three or more stages 
such that the number of bits increases as a 
communication quality of the transmission path L is 
higher (e.g., in the example described above, as 
intensity of an FSK modulated wave indicated by 
communication quality data is larger). In this case, 
the vocoder unit T3 only has to set a value of the 
remaining bits not representing a component of the 
voice encoded data of the shared data to a value 
indicating absence of a specific component of voice 
("0" in the example described above). 

Data of an object to be transmitted does not 
always have to represent voice but is arbitrary as 
long as the data is data represented as a sequence of 
codes. Therefore, the data may be, for example, data 
representing an image. The vocoder unit T3 may 
determine which part of data of the transmission 
object is treated as a most significant portion (or a 
portion with lowest significance) in accordance with 
an arbitrary standard. 

The voice inputting unit Tl may acquire data of 
an object to be transmitted with an arbitrary method. 
For example, the voice inputting unit Tl may include a 
USB (Universal Serial Bus) or a serial interface 
circuit of IEEE1394, Ethernet (registered trademark). 
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or the like and acquire data, which is serially 
transmitted from the outside, via the serial interface 
or the like. Alternatively, the voice inputting unit 
Tl may include a recording medium drive device such as 
a CD (Compact Disc) - ROM (Read Only Memory) drive and 
read data of an object to be transmitted from a 
recording medium having the data recorded therein. 

A base band signal may represent symbols 
exceeding four values. A symbol value of symbols 
obtained by adding a redundant bit to data of a 
transmission object does not always have to be a 
maximum value or a minimum value of plural values that 
can be taken. A minimum value of a difference between 
symbol values of two symbols different from each other 
only has to be larger than a minimum value in the case 
in which symbols are generated without adding a 
redundant bit . 

Symbols represented by the base band signal do 
not always have to be defined to form a sequence of 
gray codes when the symbols are arranged in an order 
from one with a largest symbol value (or an order from 
one with a smallest symbol value). 

A modulated wave transmitted and received 
between the transmission device T and the reception 
device R does not always have to be an FSK modulated 
wave having a root Nyquist characteristic. The 
modulated wave may have, for example, a Gaussian 
characteristic or other arbitrary characteristics. 
This modulated wave only has to represent a base band 
signal generated by the base band signal generating 
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unit T5 in some form. Therefore, the modulated wave 
may be, for example, a PSK (Phase Shift Keying) 
modulated wave. 

A method with which the communication quality 
5 judging unit T2 judges a communication quality of the 
transmission path L is arbitrary. For example, the 
communication quality judging unit T2 may acquire data 
transmitted on the transmission path L, specify a 
parameter such as an EVM (Error Vector Magnitude), a 

10 BER (Bit Error Rate), or an arbitrary parameter 
indicating a quality of data, and create communication 
quality data on the basis of this parameter. 

The symbol judging unit R3 of the reception 
device R may judge, for a section representing symbols 

15 added with a redundant bit, which one of two values (a 
maximum value and a minimum value of four values that 
can originally be taken) a symbol value of the section 
is. 

The transmission path L does not always have to 
20 include a packet network. The transceivers TR1 and 
TR2 may directly perform transmission and reception of 
a modulated waveform each other (in other words, the 
transmission path L may be a space in which an 
electromagnetic wave propagates or may consist of a 
25 communication line directly connecting the transceiver 
TR1 and the transceiver TR2). Alternatively, the 
transmission path L may be constituted by a network 
such as the Internet . 

The embodiment of the invention has been 
30 explained. It is possible to realize the base band 
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signal generating device according to the invention 
using a usual computer system without depending on a 
dedicated system. 

For example, it is possible to constitute the 
5 transmission device T, which executes the processing 
described above, by installing a program for causing a 
computer including a microphone, an AF amplifier, a 
sampler, an A/D converter, and a higher frequency 
amplifier circuit to execute the operations of the 
10 transmission device T from a recording medium (a CD- 
ROM, a flexible disk, etc.) having the program stored 
therein. For example, it is possible to constitute 
the reception device R , which executes the processing 
described above, by installing a program for causing a 
15 computer including a speaker, an AF amplifier, a D/A 
converter, and a high frequency amplifier circuit to 
execute the operations of the reception device R from 
a recording medium (a CD-ROM, a flexible disk, etc.) 
having the program stored therein. One computer may 
20 perform both at least a part of the functions of the 
transmission device T and at least a part of the 
functions of the reception device R. 

It is also possible that, for example, these 
programs are uploaded to a BBS of a communication line 
25 and distributed via the communication line. It is 
also possible that a carrier wave is modulated by 
signals representing these programs, a modulated wave 
obtained is transmitted, and a device having received 
this modulated wave demodulates the modulated wave to 
30 restore the program. 
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It is possible to execute the processing 
described above by starting these programs and 
executing the programs in the same manner as other 
application programs under the control of an OS. 
5 When the OS shares a part of the processing or 

when the OS constitutes a part of one element of the 
invention, programs excluding that part may be stored 
in a recording medium. Even in this case, in the 
invention. a program for executing respective 
10 functions or steps executed by the computer is stored 
in the recording medium. 

Industrial Applicability 

According to the invention, there is provided a 

15 base band signal generating device that operates to 
process data of a transmission object such that a 
reception side can restore the data without 
recognizing whether processing is applied to the data 
and to transmit the data at proper efficiency 

20 corresponding to a communication quality. 

This base band signal generating device of the 
invention can be widely used in a voice communication 
system. 



